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® Opttcle colllmating apparatus. 

© An optical collimab'ng apparatus employs a 
semi-reflective concave mirror (42) and cholesteric 
liquid crystal element (44). In one embodiment the 
optical coliimating apparatus is used as a heads-up 
display device. Images tn the line of sight of an 
observer substantially pass through a 
transrnitter/feomblner (40). semi-reflective concave 
mirror (42), and cholesteric Gqutd crystal element 
(44) to an observer. Images generated by an image 
source (34) are focused on the transmitter/combiner 
(40) such that the transmitter/combiner (40) reflects 
C^ths images into the fine of sight of the observer. The 
^generated images are transmitted by the primarily 
— transmtesive (convex) side of the semi-reflective 
£2 concave mirror (42) to the cholesteric liquid crystal 
CP element (44). The cholesteric liquid crystal element 
-^(44) reflects the generated images back toward the 
©primarily reflective (concave) side of the semi-reflec- 
COtive concave mirror (42), which in turn reflects the 
a images back toward the cholesteric liquid crystal 
element (44). which transmits the generated images 
^ to the observer. In an alternative embodiment such 



sive (convex) side of a semi-reflective concave mir- 
ror which transmits the Images to a cholesteric liquid 
crystal element The images are reflected by the 
cholesteric liquid crystal element back toward the 
primarily reflective (concave) side of the semi-reflec- 
tive concave mirror. The images are then reflected 
by the semi-reflective concave mirror back toward 
the cholesteric liquid crystal element which transmits 
the images to the observer. 
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as In a ffight simulator or similar device, an Image 
source projects Images upon the primarily transmis- 
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OPTICAL COLLI MATING APPARATUS 



The present invention relates generally to the 
flew of visual display systems tor use hi lareraft. 
flight simulators, etc. and more particularly to an 
apparatus for collimating a projected tmage^ at or 
neaT Infinity, having high transmission of images 
incident thereupon. 

Optical collimation apparatus capable of for 
mtng ah image at or near Infinity 
plurality of optically superimposed objects! have 
been known for some lime. One such apparels ite 
described in United Stales Patent No. Re 27,356. 
issued May 9. 1972. As disclosed, an apparatos 
having a single spherically curved comtonlng n^rmr 
Is used as an Image forming element A pnmary 
mie is directed at the convex side d the mirror 
which transmits the Image to a bire-tongent beam 
splitter array, positioned on the concave s,de of toe 
mirror. The array reflects the . mage bade to the 
spherical mirror. colBmating the image tor vtewing 
by an observer. Several polarizing filters In the light 
path selectively direct that part of the primary «n- 
age which returns to the spherical mirror. 

The apparatus taught In Re 27.356 may be 
aasen^ei SnSmpact size and light weight How- 
SeTdue to the required multiple filtering and 
Section, of the primary Image. tra,smis^yo 
me primary image is low. For example, wch fl^ 
mg and reflection of the primary Image succor 
Sely reduces the image's intensrty by appro* 
mat9 ly one-half. The result Is an ulumate trwsmls- 
sion in the neighborhood of .5 to 10 percent of the 
original Intensity of the primary image. 

Another system, described in Unfed S**,* 
Patent No. 3,940.203. issued 
a variation on the previously d**«ed Patent Ho. 
Re 27556 which replaces the spherical m^orwrih 
a reflection-type holographic analog of a spherical 
ISXS the disclosed appar^muj em- 
oiov a relatively large number of reflections ana 
Ssrnis^ons to property control light whtt. 
reaches the observer, this technique also suffers 
from tow transmission of the primary image_By 
utilizing the Improved reflection and transmh^on 
characteristics of the holographic element efficien- 
cy on the order of 6 to 10 percent of an images 
original Intensity is achieved at beat 

Thus, there is a present need in the art tor an 
optical collimation apparatus with Imprcwdfrans- 
mtesivtty of images. Further, since application erf 
autoptical coDimation apparatus may include 
helmet-mounted display ^ms pother apprjea- 
tions where size and weight are crftcaJ. there tea 
present need for such an optical coHinurtion ap- 
paratus which Is both compact and lighHwetght 
The present invention is directed to an optical 



collimation apparatus that utilizes the properties of 
cholesteric liquid crystals to form, preferably at or 
near infinity, an image of an object .-ilj* 
of objects optically superimposed, in the line or 
s sight of an observer. 

According to a preferred embodiment of the 
present invention, the collimation apparatus «s 
termed of a semi-reflective concave mirror (or ite 
holographic analog) and a cholestenc ***** 
, 0 element The semi-reflective concave 

cholesteric liquid crystal element are utUized to- 
gether with a transmitter/combiner placed^ hi toe 
Hne of sight of an observer. An image source. ^ such 
as a cathode ray tube (CRT), liquid crysto I display 
, 6 (LCD), or other display device is prov.ded such that 
mages projected thereby are reflected by toe 
transmitter/combiner into toe line of s<ght of toe 

^T^reftected primary image is ^torough 
so a circular polarizing filter to the ^reftecflve ccn 
cave mirror, circularly po.ariz.ng toe T£ 
semi-reflective concave mirror transm.ts the Image 
* the cholesteric Uquid crystal e'^rrt which 
polarized in a rotary sense opposite hat of toe 
* Sage, causing the image to be reflected wrthout 
reversal of its rotary sense, back to the«ncave 
side of the semi-reflective concave mirror^ 
image is then reflected (and its rotary sense ite- 
■ vereed) by the semi-reflective concave mirrorback 
35 toward the choiesteric liquid ^*^ h "%* 
now transmits the Image or images to the observer 
An image from toe outside environment is 
transmitted through toe 
through the semi-reflective concave mirror, and 
partly transmitted by the cholesteric h)*^ 
M £i to the observer, and partiaUy reacted by 
the cholesteric liquid crystal ^ ^ Wrt 
the concave side of the semi-reflectve concave 
mTrroT That portion of toe image reflectec ^bytoe 
40 cholesteric Bquld crystal element is in turn 

by the semi-reflective concave mirror ha* toward 
the cholesteric liquid crystal element which trans- 
mite toe Image to toe observer. 

Transmission efficiency for this ^b«J ment Is 
« increased over the prior art in that fewer reflector, 
and transmissions of toe image tates ptece ^and m 
that the cholesteric liquid crystal element ttansmtte 
and/or reflects a higher percentage of the Cedent 
Boht than toe reflective devices of toe prior art. 
„ 8 ^ Invention is now described further, by way 
50 of example oniy, with reference to toe accompany- 
ing drawings, in whlch:- 
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Rg. 1 Illustrates an embodiment of an optical 
colllmaticn system according to the present inven- 
tion, in a heads-up display/image combiner applica- 
tion; 

Rg. 2(a) Illustrates the transmission char- 
acteristics of -a cholesteric liquid crystal element 
reflective to Rigm-Hana^rcularty Polarised 
(RHCP) green Oght 

Rg. 2(b) Is a graphical representation of 
transmission and polarisation efficiency of a 
cholesteric liquid crystal element. 

Rg. 3 illustrates an alternative embodiment 
of an optical coMmation system according to the 
present invention; 

Rg. 4 is a graph illustrating the angular 
dependence of the wavelength of maximum reflec- 
tion; and 

Rg. 5(a) and 5(b) illustrate the biasing of the 
reflection angle from the cholesteric liquid crystal 
element through the use of surface tilt, unfitted and 
tilted cases respectively. 

With reference to Rg. 1 . a preferred embodi- 
ment of an optical cdfimating apparatus according 
to the present invention Is shown. In such an em- 
bodiment, optical colllmating apparatus 30 is used 
in a heads-up display or image combining display 
mode. Optical colllmating apparatus 30 consists of 
image generating source 34, focusing optics 36, 
circular polarising filter 38. transmitter/combiner 40, 
semhreflective concave mirror 42 or Its holographic 
analog formed so as have a primarily transmissive 
coating on Its convex side, and a primarily reflec- 
tive coating on Its concave side, and cholesteric 
Dquid crystal element 44 formed to be reflective to 
RHCP images within a bandwidth B centred around 
a primary frequency f (as shown in Rg. 2(a) and 2- 
(b)). Returning to Rg. 1, positioned in the One of 
sight plane between an observer designated by an 
eye labelled O t and external image 32 (Tor exam- 
ple, an aircraft runway as shown) Is 
transmitter/combiner 40. semi-reflective concave 
mirror 42, and cholesteric liquid crystal element 44. 
Image generating source 34 Is positioned so that 
images projected therefrom pass through focussing 
optics 38, circular polarizing filter 38, and are re- 
flected into observer 0*3 line of sight by 
transmitter/combiner 40. 

fcn operation, external image 32 is transmitted 
by transmitter/combiner 40 to semi-reflective con- 
cave mirror 42, which in turn transmits image 32 to 
cholestertc liquid crystal element 44. Cholesteric 
liquid crystal element 44 transmits image 32 to 
observer O, except for a reflected portion of image 
32 which is of the rotary sense (assume RHCP for 
illustration) and within the bandwidth B of reflection 
of cholesteric liquid crystal element 44. That por- 
tion of image 32 which is reflected, is reflected 
without reversal of Its rotary sense, to the concave 



side of semi-reflective concave mirror 42. Semi- 
reflective concave mirror 42 reflects that portion of 
image 32 back to cholesteric liquid crystal element 
44, reversing its rotary sense (i e., RHCP to LHCP) 
5 in so doing, so that that portion of Image 32 is. as 
well, transmitted by cholesteric liquid crystal ele- 
ment 44 to observer O. 

A generated image from image generating 
source 34, having a wavelength w of approximately 
io 540 Nm (Le., green). Is focussed by focussing 
optics 36 and imparted with a rotary sense cor- 
responding to the rotary sense of transmission 0- e - 
LHCP pursuant to the above assumption) of 
cholestertc liquid crystal element 44 by circular 
16 polarizing filter 38. The generated Image is re- 
flected by transmitter/combiner 40 with a reversal 
of its rotary sense (U., LHCP to RHCP) toward the 
convex side of semi-reflective concave mirror 42 in 
the line of sight plane of observer O. Seml-reflec- 
20 tive concave mirror 42 transmits the generated 
image to cholesteric Dquid crystal element 44. 
which reflects the generated image, without rever- 
sal of the Image's rotary sense, back toward the 
concave side of semi-reflective concave mirror 42. 
25 Semi-reflective concave mirror 42 reflects and col- 
. limatBS the generated image, with a reversal of its 
rotary sense (i.e.. RHCP to LHCP). back toward 
cholesteric liquid crystal element 44, which trans- 
mits the image to observer O. 
ao Due to the nature of the optical components 

used In such a coflimating apparatus. 100 percent 
transmission and reflection of Oght Incident thereon 
Is not realized. An image generated by image 
aource 34 imparted with a single rotary sense (I.e., 
35 LHCP) by circular polarizing filter 38 Is reduced in 
intensity by approximately 50 percent due to the 
removal of that part of the Image of opposite rotary 
sense Qjb., RHCP). An image reflected by 
transmitter/combiner 40 is reflected at approximate- 
40 ly 50 percent of the Intensity it had immediately 
prior to incidence upon transmitter/combiner 40. An 
image transmitted by semi-reflective concave mir- 
ror 42 is transmitted at approximately 50 percent of 
the Intensity it had Immediately prior to Incidence 
45 upon semi-reflective concave minor 42. Likewise 
semi-reflective concave minor 42 Is capable of 
reflecting an image at 50 percent of Its Incident 
Intensity. An image reflected by cholesteric liquid 
crystal element 44 is reflected at about 89 percent 
so the intensity it had immediately prior to incidence 
upon cholesteric liquid crystal element 44. Like- 
wise, cholesteric liquid crystal element 44 transmits 
an image at approximately 89 percent of Its In- 
cident Intensity. 
55 Since the numerical percentage Ammunition of 

an image's intensity between its source 34, or the 
outside environment (i.e., image 32) and observer 
0 for optical coIDmatlng apparatus 30 Is the prod- 
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uct of the percentage transmission by each of the 
component elements, the numerical percentage of 
transmitted image Is, approximately 
<50%)(50%M88%) - 22^5% , 
for image 32, and for the images generated by 
image source 34, approximately 
{50%)(50%)(50%)(89%)(50%)(89%) * 4.85% . 
Comparing this to prior art apparatus which trans- 
mit outside images at approximately 655 percent, 
and transmit generated images at approximately 
.78 percent, the benefits provided by the present 
invention are apparent The improved transmission 
provided by the present invention means that Im- 
age 32 will be seen by observer O with improved 
clarity and that for generated images. Image source 
34 need generate images at a lower power level to 
maintain similar visibility, or that generated with the 
same power the Images generated by Image 
source 34 will have improved intensity and bright- 
ness over the prior art 

In general, to those skilled in the art to which 
this invention relates, many changes in construc- 
tion and widely differing embodiments and applica- 
tions of the present invention will suggest them- 
selves without departing from its scope as defined 
by the attached claims. For Example, the apparatus 
according to the present invention may be used to 
cdlimate an image generated by an image source 
for a flight simulator or similar device. As shown in 
Fig 3. the apparatus 50 according to this alternate 
embodiment is comprised of an image source 52, 
circular polarizing fitter 54, semi-reflective concave 
mirror 56, and chdesteric liquid crystal element 58. 
An image generated by image source 52 within the 
bandwidth B of reflection of cholesteric liquid cry- 
stal element 58 is Imparted with a rotary sense 
corresponding to the rotary sense of reflection of 
cholesteric liquid crystal element 58. The image Is 
transmitted through semi-reflective concave mirror 
56 to cholesteric liquid crytal element 58. which 
reflects the images back to the concave side of 
semi-reflective concave mirror 58, which in turn 
reflects the image back to cholesteric liquid crystal 
element 58. which transmits the now collimated 
image to observer O. in this alternative embodi- 
ment there may or may not be a 
transmitter/combiner (not shown) depending on the 
arrangement of the apparatus. 

Further, the composition of the cholesteric liq- 
uid crystal element may be such that It has a 
bandwidth of maximum reflection centered at a 
wavelength other than 540 Nm. Likewise the band- 
width of maximum reflection around the wavelength 
may be varied as a function of the cholesteric 
liquid crystals composition 

Further, the physical arrangement of compo- 
nents of the invention may be varied with specific 
results. For example, relying on a property of 



cholesteric elements, as demonstrated m Fig. 4. 
that the wavelength of maximum reflection is an- 
gular sensitive (i.e., as the angle of incidence in- 
creases, the wavelength of maximum reflection is 
5 shifted toward the shorter wavelengths) the 
wavelength of maximum reflection of the 
cholesteric fiquid crystal element for normally in- 
cident light may be increased to compensate tor 
the shift toward the shorter wavelengths of reflec- 
10 tion for non-normally incident light 

Another property of cholesteric elements, dem- 
onstrated In Fig 5(a) and 5(b). is that the separation 
between the angle of incidence aj and angle of 
reflection a, is a function of the orientation, or tilt, of 
is the helical axis of the cholesteric layer. As the 
helical axis is tilted away from normal to the sur- 
face of the cholesteric liquid crystal element the 
separation becomes smaller. Thus, positioning of 
the reflected image in the line-oteight of the ob- 
20 server may be controlled by the composition of the 
element (as opposed to positioning of the image 
source). 

Thus the disclosures and descriptions herein 
are purely illustrative and are not intended to be in 
25 any sense limiting. 



Claims 

30 1. An optical collimating apparatus for focusing 

an image at or closer than at an infinite distance 
from an observer, characterised by the combination 
of a semi-reflective concave mirror (42) (or its 
holographic analog) and a cholesteric Bquid crystal 
96 element (44). 

2. An optical collimating apparatus for focusing 
an image (32) from an image source (34) at or 
closer than at an infinite distance from an observer, 
characterised In that the image (32) is substantially 
40 transmitted by a semi-reflective concave mirror 
(42) (or its holographic analog) and a first portion of 
said transmitted image is further transmitted un- 
reflected to the observer by a cholesteric liquid 
crystal element (44) and a second portion of said 
45 transmitted image is reflected by the cholesteric 
liquid crystal element (44) to the concave mirror 
(42). which reflects the second portion of the trans- 
mitted image back to the cholesteric fiquid crystal 
element (44), which transmits the second portion of 
50 the transmitted image to the observer. 

3. Apparatus as claimed In claim 2 further 
comprising a transmitter/combiner (40) for combin- 
ing a first image generated by said image source 
(34) with a second Image in a line of sight plane of 
55 an observer prior to incidence upon said semi- 
reflective concave mirror (42) (or its holographic 
analog). 
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4. An optical coliimating apparatus for focusing 
an image at or closer than at an infinite distance 
from an observer, and further for combining the 
focused image with an image extern aJ to the optical 

colli mating apparatus, comprising the elements of: s 
an image source (34); 
a transmitter/combiner (40); 
a semi-reflective concave mirror (42) (or Its holo- 
graphic analog): and 

a cholesteric liquid crystal element (44). to 

5. An optical coliimating apparatus for focusing 
an image from an image source (34) at or closer 
than at an infinite distance from an observer, and 
further for combining the focused image with an 
image external to the optical coliimating apparatus. f 6 
wherein projected images from an image source 

(34) are reflected by a transmitter/combiner (40) 
acting as a combiner to combine the projected 
images with the images in the line of sight of the 
observer and further wherein the projected images 20 
are reflected by a cholesteric liquid crystal element 
(44) to a semi-reflective concave mirror (42) (or Its 
holographic analog), which reflects the Images 
back to the cholesteric liquid crystal element (44), 
which substantially transmits the images to the 25 
observer, and further wherein external images are 
substantially transmitted by the semi-reflective con- 
cave mirror (42) and further substantially transmit- 
ted to the observer by the cholesteric liquid crystal 
element (44). 

6. Apparatus as claimed in claim 5, wherein 
said image source (34) comprises a monochrome 
cathode ray tube, focusing optics (36) for focusing 
an image generated by said monochrome cathode 
ray tube, and a circular polarising fitter (38) for 
imparting images generated by said monochrome 
cathode ray tube with a first rotary sense. 

7. A method for optically coliimating an image 
at or closer than at an Infinite distance from an 
observer, characterised by the steps of causing to 
be Incident upon a semi-reflective concave mirror 
(42) (or Its holographic analog) a primary image, 
and substantially transmitting said primary Image to 
a cholesteric liquid crystal element (44), substan- 
tially transmitting a first portion of said primary 
image to the observer, and reflecting a second 
portion of said primary image to said semi-reflec- 
tive concave mirror (42), said semi- reflective con- 
cave mirror (42) substantially reflecting said second 
portion of said primary image back to said 
cholesteric liquid crystal element (44), said 
cholesteric liquid crystal element (44) transmitting 
said second portion of said primary image to said 
observer. 

a A method for optically coliimating an Image 
at or closer than at an infinite distance from an 
observer, and further for positioning said image In 
a Gne of sight plane of an observer, characterised 



by the steps of generating an image, projecting 
said generated image upon a transmitter/combiner 
(40) located in a line of sight plane of the observer 
which acts as a combiner to combine said projec- 
ted image with an image in said line of sight of the 
observer, transmitting said combination of said 
generated image and said Image in said line of 
sight plane of the observer to a semi-reflective 
concave mirror (42) (or its holographic analog), said 
semi-reflective concave mirror (42) substantially 
transmitting said Image combination to a 
cholesteric liquid crystal element (44). said 
cholesteric liquid crystal element (44) substantially 
transmitting to the observer a first portion of said 
image combination comprising a first portion of 
said image in said line of sight plane of the ob- 
server, said cholesteric liquid crystal element (44) 
substantially reflecting a second portion of said 
image combination comprising a second portion of 
said image In said line of sight plane of the ob- 
server together with said generated image, to said 
semi-reflective concave mirror (42), which substan- 
tially reflects said second portion of said image 
combination back to said cholesteric liquid crystal 
element (44), said cholesteric Squid crystal element 
(44) substantially transmitting said second portion 
of said image combination to the observer. 
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